SUMMARY A protocol for programmed ventricular stimulation is described in which the effect of increasing stimulation current on ventricular refractoriness and arrhythmia induction was specifically examined. The protocol was evaluated prospectively in 70 patients undergoing electrophysiological study for 
The use of programmed ventricular stimulation has been advocated to identify patients at risk of recurrent ventricular arrhythmias. The ability to induce arrhythmias by this technique is determined by both the number of extrastimuli introduced and the current used.' While aggressive protocols (using multiple premature stimuli and high current) maximise Accepted for publication 23 June 1987 the chance of inducing an arrhythmia in a susceptible patient, they may also induce a number of "artefactual" arrhythmias of dubious clinical importance. 2 Consequently, there is little agreement on what is the most appropriate stimulation protocol for clinical use, particularly with respect to the optimal stimulation current.3 -s While the ideal protocol should be sufficiently sensitive to identify those at risk and sufficiently specific to exclude those who are not, it should also be simple enough to be acceptable to both patients and physicians.
In this study we have prospectively evaluated a stimulation protocol which uses a maximum of two double extrastimuli, and four by burst pacing. The remaining three arrhythmias were induced by double extrastimuli at the right ventricular outflow tract. STIMULATION 
CURRENT
The figure shows the effect of increasing stimulation current on measured effective refractory period at each basic pacing rate. This shows mean results from the 47 patients in whom diastolic scans were completed with a single extrastimulus at 2, 5, 10, and 20 mA (that is, patients with a low pacing threshold and no arrhythmia induction with a single extrastimulus). Each increase in current caused a decrease in the measured effective refractory period. The increase in current from the initial stimulation current to 20 mA caused a mean (SEM) total decrease in effective refractory period of 19-0 (2-0) ms in those with a positive study and 17 6 (3 0) ms in those in whom the study was negative.
Ventricular arrhythmias were induced at 2 mA in 22 patients, at 5 mA in 1 1, and at 10 mA in one. The increase from 10 mA to 20 mA caused only a small decrease in effective refractory period and did not induce any arrhythmias. Eight of the 12 patients whose arrhythmias were induced at a current greater than 2 mA had diastolic thresholds > In our protocol we used only two extrastimuli since it has been shown that there is an increased risk of stimulating artefactual arrhythmias when three or more extrastimuli are used. 8 10 We specifically examined the effects of increasing stimulation current on ventricular refractoriness and arrhythmia induction because of the continuing controversy over the best stimulation current for such protocols.
It has been shown that ventricular refractoriness varies greatly between areas of normal and diseased myocardium and between closely adjacent areas of damaged myocardium. " In damaged areas the ventricular refractory period can often be so prolonged that currents greater than twice the diastolic threshold are needed to allow sufficiently early ventricular capture for an arrhythmia to be induced. Under these circumstances the pacing threshold is not a good indicator of ventricular refractoriness. There is, therefore, no means of knowing whether a pacing electrode is adjacent to normal or abnormal myocardium at the start of a stimulation protocol. This heterogeneity of ventricular refractoriness argues against the exclusive use of low stimulation currents (conventionally set at twice the diastolic threshold) in programmed electrical stimulation. On the other hand, the prolonged use of high stimulation currents probably has arrhythmogenic effects independent of its effects on ventricular refractoriness.' 4 12 Induction of ventricular arrhythmias by programmed ventricular stimulation Richards et al used both low (twice diastolic threshold) and high (20 mA) stimulation currents with a maximum of two extrastimuli to study 165 patients within 28 days of an acute myocardial infarction.3 The exclusive use of low stimulation currents in their protocol would have failed to identify four patients at risk of subsequent ventricular arrhythmias. They conceded, however, that high current stimulation also may have produced an unknown number of false positive results. Morady et al, studying a population similar to our own, found that a stimulation current of 10 mA induced ventricular arrhythmias in 16 of 26 patients in whom no arrhythmias had been induced at twice the diastolic threshold. 4 The clinical relevance of these arrhythmias was doubtful, however, and they concluded that a high current may compromise the specificity of a protocol to a greater degree than it enhances its sensitivity. A similar conclusion was reached by Kennedy et al who compared the use of high and low stimulation currents with up to three extrastimuli in 15 patients studied for indications other than sustained ventricular tachycardia.5 In this study, increasing the current from twice the diastolic threshold to 10 mA induced six episodes of ventricular fibrillation, only one of which was thought to be clinically relevant. Herre et al also reported a high incidence of non-clinical arrhythmias when a stimulation current of 10 mA and up to four extrastimuli were used.' In most of the above instances the increased arrhythmogenicity of high stimulation current was attributed to earlier capture of the ventricle than was possible at lower currents. Both Herre et al and Morady et al, however, found that arrhythmias were induced by high stimulation currents at coupling intervals that had failed to induce an arrhythmia at lower currents."4 This suggests that a high stimulation current has an independent arrhythmogenic effect in addition to its effects on ventricular refractoriness.
In our study the stimulation current was incrementally increased only after lower currents had failed to capture the ventricle. The effect of increasing current in this manner is simply to facilitate earlier capture of the ventricle than is possible at lower currents. This approach avoids the prolonged use of high stimulation currents, yet fully exploits the current-interval properties of the area of ventricle adjacent to the electrode. '3 The majority of arrhythmias in our patients were induced at the lowest current used (22 at 2 mA and eight at 5 mA). In the remaining four the increase in current induced an arrhythmia by allowing earlier capture of the ventricle than was possible at the initial current. Although the increase from 5 to 10 mA caused a significant decrease in mean ventricular refractoriness it resulted in only one clinically relevant arrhythmia, while the increase from 10 to 20 mA had little effect on ventricular refractoriness and induced no arrhythmias. Thus a single stimulation current of 5 mA would have identified all but one of our patients at risk of further ventricular arrhythmias. This allows simplification of the protocol for routine clinical use since our results, and most of those cited above, clearly show that there is little to be gained by using currents of 10 mA and above. Indeed this would only serve to increase the risk of inducing artefactual arrhythmias. 6 Our follow up shows that the protocol was sensitive enough to detect all but one of our population at risk of recurrent ventricular arrhythmias. Specificity is more difficult to assess, however. Since we studied several patients in whom the likelihood of inducing an arrhythmia was small (group 4), the low incidence (10%) of induced arrhythmias in this group is encouraging. Indeed in our study programmed electrical stimulation was of limited value in patients in whom no clinical arrhythmia had been identified; this probably reflects the high proportion (60%) of patients without structural heart disease in this group.
We induced no multiform ventricular tachycardia in patients who did not go on to have a sustained arrhythmia and we induced ventricular fibrillation in only seven patients. The We have assessed an electrophysiological protocol for the investigation of patients thought to be susceptible to serious ventricular arrhythmias and have prospectively evaluated its use in 70 consecutive patients. The protocol was found to be highly sensitive and induced few, if any, artefactual arrhythmias. We have shown that the use of high stimulation currents is unnecessary and that a simplified protocol of two extrastimuli and a single stimulation current of 5 mA should identify the majority of patients whose symptoms are caused by recurrent ventricular arrhythmias. 
